Plasmids of Pseudomonas aeruginosa are classified according to their ability to coexist within the same host cell. Those which cannot reside together usually share a high degree of DNA sequence similarity and are considered to be within the same incompatibility group (12) . Of the eleven known plasmid incompatibility groups observed for Pseudomonas, plasmids of the P-1 class, which was the first reported, commonly mediate resistance to ampicillin (Ap), tetracycline (Tc), and kanamycin (Km) (but not gentamicin [Gm] ) and have a broad host range (11) . Recently Smith et al. (19) isolated a P-1-type plasmid (R1033) that mediates gentamicin resistance by specifying production of an enzyme which modifies the drug by acetylation. This type of gentamicin-modifying enzyme is commonly observed in plasmid-bearing clinical isolates of P. aeruginosa (15) , many of which harbor plasmids of other incompatibility groups (11, 14, 17, 21) . It has been suggested that acquisition of gentamicin resistance by a plasmid of this incompatibility group occurs through a recombination event involving a sequence of DNA that transposes the gentamicin resistance gene from another plasmid (11, 19, 21 R1033 is a 45 x 106-dalton (45 Md) plasmid of the P-1 incompatibility group of P. aeruginosa and mediates resistance to ampicillin, kanamycin, tetracycline, gentamicin, streptomycin (Sm), sulfamethoxazole (Su), chloramphenicol (Cm), and mercuric chloride (Hg) (19) . The ColEl derivative plasmid pMB8 is 1.72 Md and mediates immunity to colicin El protein (2) . RSF2001 is a 63-Md derivative of the F plasmid that carries the kanamycin resistance gene (9) . RSF1050, used in heteroduplex analysis, is a 5.0-Md colicin El-immune derivative of pMB8, which contains Tn3 and mediates ampicillin resistance (9) . Plasmid pCERIOO was derived and isolated during this study and is described below.
Transformation and plasmid isolation. Transformation of CaCl2-treated E. coli was carried out as described previously (3) . Dye-buoyant density cesium chloride-ethidium bromide centrifugation was utilized for purifying covalently closed circular plasmid DNA from crude lysates (7) .
Determination of colicin El and antimicrobial susceptibility. Sensitivity to colicin El was performed by transferring single colonies with toothpicks or streaking individual colonies to Trypticase soy agar (BBL Microbiology Systems) plates containing 0.5 ml of colicin El extract per 100 ml of Trypticase soy agar (6) . Susceptibility to gentamicin, chloramphenicol, streptomycin, sulfamethoxazole, and mercuric chloride was determined as described previously (8 Gmi' clones were checked for colicin El immunitv as described above. The plasmid DNA content of four gentamicin-resistanit, colicin El -immune clones was dieterm -iiined by the crude lysate-agarose gel procedure (13) . T'he clone containing both R1033 and pMB8 was used for isolation of pMB8 recombinant plasmids. C600(R1033, pMB8) was grown to the late log phase in 1 liter of brain heart infusion broth (BBL Microbiology Systems). At this point, 250) ,ig of chloramphenicol per ml was added to inhibit protein synthesis and plromote relaxed replication of pMB8 (2) and any recotibinants that nmay have formed between the two coexisting plasmids. Multiple copies of pMB8 and pMB8-R1033 composite plasmids can be obtained relative to H1033, since this large plasmid requires protein svynthesis for replication. Therefore, this technlique served as an amplification of the proportion of P'MB8-R103:3 recombinants relative to R1033.
After 16 h of amplification, the cells were harvested, aill l)urifie(l covalently closed circular plasmid DNA was isolated from crude lysates (7) by the 10%7 polyethylene gltcol (PEG-6000; Baker) precipitation procedure (10). T'wo micrograms of the purified plasmid mixture was transformed into C600 with selection for gentamicin resistance. One hundred Gm' clones were checked for colicin El immunity.
RESULTS
Isolation of pMB8 recombinant plasmid pCER100. Purified covalently closed circular lplasnmid DNA from C600(R1033, pMB8) was utilized for transformation of E. coli C600, followed by selection for gentamicin resistance. Due to the larger size of R1033, transformation with this plasmid occurred at a lower frequency than with )MBS recombinant plasmids in the mixture; so, selection of the latter plasmids was favored. The presence of the recombinant plasmid in the Gm' transformants was confirmed by demonstrating their immunity to colicin El.
Eight gentamicin-resistant, colicin El-immune transformants were screened for plasmid( DNA content, and all clones were found to conItain plasmids of approximately 11 Md, including its concatemeric forms. Purified plasmid DNA from one of the clones (Fig. IA) Heteroduplex analysis showed that pCER100 was indeed a composite formed between R1033 and pMB8. A heteroduplex between pMB8 and pCER100 (pMB8: :Tnl696) plasmids is shown in Fig. 2 . All heteroduplexes demonstrated a double-stranded DNA loop which equaled the size of one pMB8 molecule. The thinner, more twisted single-stranded loop corresponded to the 9.1-Md sequence from R1033. A short doublestranded "stalk" region between the single-and (Fig. 3) .
Transposition independent of host recombination. Recombination by transposable sequences occurs independently of conventional host recombination mechanisms (16) . To confirm that Tn1696 was capable of transposing in the absence of a functional recA gene, we utilized a system described by So et al. (20) . pCER100 plasmid DNA was transformed into E. coli JC2926 recA harboring RSF2001. JC2926(RSF2001, pCER100) was the donor in conjugation experiments with P3478 polA nalA, with selection for Gm" Nalr transcipients. The pMB8 replication system requires an active polA gene and therefore Gm" Nalr transcipients would emerge only if Tn1696 had transposed from pCER100 onto RSF2001 (9, 20) . Crude lysates of eight transcipients were prepared, and portions were layered on an agarose gel. All eight contained a plasmid 9 Md larger than RSF2001, indicating that Tn 1696 had transposed from pCER100 to RSF2001 (Fig. 4) . Four of the transcipients were resistant to gentamicin, streptomycin, sulfamethoxazole, chloramphenicol, and mercuric chloride, confirming that RSF2001 had acquired Tn1696 (Table 1) . Four transcipients were Gmr, Smr, Cm", and Hg' but Su' ( (Fig. 4B and C) . The difference in sensitivity to sulfamethoxazole may reflect the location or orientation of insertion of Tn1696 within RSF2001 (16) . DISCUSSION Plasmid-mediated resistance to gentamicin, streptomycin, sulfamethoxazole, and mercuric chloride is common in P. aeruginosa, especially among the P-2, P-3, and P-6 incompatibility groups observed for this species (17, 21) . Investigators (11, 21) have demonstrated the ability of these resistance determinants to recombine en bloc with other plasmids in Pseudomonas. Before the discovery of R1033, P-1 plasmids were only observed to mediate resistance to carbenicillin, tetracycline, and kanamycin. Jacoby et al. (11) (11, 21) .
The 140-base pair inverted and repeated DNA sequence flanking Tn1696 is similar to that observed for other transposable antibiotic resistance genes (16) . It is unlikely that inverted DNA repetitions spontaneously evolved through random mutation events to bracket five intervening resistance genes. A more plausible theory has been suggested (16) 
